(19) 



J 



Europfllsches Patentamt 
European Patent Office 
Office europ6en des brevets 



(11) 



EP 0 853 186 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

15.07.1998 Bulletin 1998/29 

(21) Application number: 97307804.1 

(22) Date of filing: 02.10.1997 



(51) int. a. 6 : E21B 43/02, E21 B 43/04, 
E21B 43/26, E21B 43/267 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT U LU MC 
NLPTSE 

Designated Extension States: 
ALLTLVROSI 

(30) Priority: 14.01.1997 US 783050 

(71) Applicant: 

Halliburton Energy Services, Inc. 
Duncan, Oklahoma 73536 (US) 

(72) Inventors: 

• Weaver, Jim D. 

Duncan, Oklahoma 73533 (US) 
» Stanford, James R. 
Duncan, Oklahoma 73533 (US) 

• Wilson, Steven F. 

Duncan, Oklahoma 73533 (US) 



• Nguyen, Philip a 

Duncan, Oklahoma 73533 (US) 

• Bowles, Bobby K. 
Comanche, Oklahoma 73533 (US) 

• Cole, Clay R. 

Duncan, Oklahoma 73533 (US) 

• Parker, Mark A. 

Duncan, Oklahoma 73533 (US) 

• Dewprashad, Brahmadeo T. 
Norman, Oklahoma 73069 (US) 

(74) Representative: 

Wain, Christopher Paul et al 
A. A. THORNTON & CO. 
Northumberland House 
303-306 High Holbom 
London WC1V7LE(GB) 



(54) Treatment of subterranean formation to control particulate flowback 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate flowback is 
reduced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate, a tackifying compound and a hardenable 
resin, pumping the suspension into a subterranean for- 
mation and depositing the mixture within the formation 
whereby the tackifying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenable resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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manner achieved by use of resin coated particulates. 

U.S. Patent 5,501,274 discloses a method for reducing proppant flowback by the incorporation of thermoplastic 
material in particulate, rfobon or flake form with the proppant. Upon deposition of the proppant and thermoplastic mate- 
rial in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere to the 
5 thermoplastic creating agglomerates. The agglomerates then bridge with the other agglomerates and other particulates 
to prevent flowback from the formation. 

It would be desirable to provide a more permanent method which will bind greater numbers of particles of the particulate 
to one another whereby agglomerates may be formed which would further assist in preventing movement or flowback 
of particulates from a welibore or formation without significantly reducing the permeability of the particulate pack during 
10 aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation to inhibit the flow of particulates back through 
the welibore during the production of hydrocarbons, without significant effects upon the permeability of the particulate 
pack. 

In accordance with the invention, a method of treating a subterranean formation penetrated by a welibore is pro- 
fs vided comprising the steps of providing a fluid suspension including a mixture of particulate material, a material com- 
prising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a hardenable resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate through the weflbore and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the tackifying compound and resin material mixture in the formation 
20 the coating causes particulate adjacent to the coated material to adhere to the coated material thereby creating prop- 
pant agglomerates which bridge against other particles in the formation to minimize initial particulate flowback and the 
hardenable resin subsequently consolidates the particulate before and during flowback. 

The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging from 
about 2 to about 400 mesh in intimate admixture with the tackifying compound and hardenable resin coated particu- 
25 lates. 

The coated material is effective in consolidating particulate into the form of agglomerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of the 
treatment fluid. 

In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an intimate 

30 mixture with a particulate material such as conventional proppants or gravel packing materials together with a harden- 
able resin and introduced into a subterranean formation. 

As used in this specification, the term Intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixture The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 

35 for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 
sirably chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 

40 formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of ffoers, flakes, ribbons, beads, shav- 
ings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the particu- 
late in an amount of from about 0.1 to about 5 percent by weight of the particulate. The tackifying compound comprises 
a liquid or a solution of a compound capable of forming at least a partial coating upon the substrate material with which 

45 it is admixed prior to or subsequent to placement in the subterranean formation. In some instances, the tackifying com- 
pound may be a solid at ambient surface conditions and upon initial admixing with the particulate and after heating upon 
entry into the welibore tor introduction into the subterranean formation become a melted liquid which at least partially 
coats a portion of the particulate. Compounds suitable for use as a tackifying compound comprise substantially any 
compound which when in liquid form or in a solvent solution will form a non-hardening coating, by themselves, upon the 

so particulate which facilitates agglomeration and will increase the continuous critical resuspension velocity of the partic- 
ulate when contacted by a stream of water as hereinafter described in Example I by at least about 50 percent over the 
particulate alone when present in a 0.5 percent by weight active material concentration and increase the initial critical 
resuspension velocity by at least about 50 percent over the particulate atone. Preferably, the continuous critical resus- 
pension velocity is increased by at least 100 percent over particulate alone and most preferably at least about 1 50 per- 

55 cent over particulate alone and the initial critical resuspension velocity is increased by at least 75 percent and most 
preferably at least 1 00 percent over particulate alone. A particularly preferred group of tackifying compounds comprise 
polyamides which are liquids or in solvent solution at the temperature of the subterranean formation to be treated such 
that the polyamides are, by themselves, non-hardening when present on the particulates introduced into the subterra- 
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hardening and consolidation of the particulates by the hardenabie resin. 

In one. embodiment, the tackifying compound, when comprised of polyamides, may be admixed and contacted with 
a material that has mufti-functional reactive sites which are capable of reacting with the tacMfying compound to form a 
hard reaction product which consolidates the agglomerates formed by the tackifying compound. A "hard reaction prod- 
uct* as used herein means that the reaction of the tackifying compound with the multifunctional material will result in a 
substantially nonf lowable reaction product that exrubrts a higher compressive strength in a consolidated agglomerate 
than the tackifying compound atone with the particulates. One means of evaluating the consolidated agglomerate to 
determine whether an increase in compressive strength has occurred is through testing with a penetrometer. Samples 
may be prepared comprising particulate coated with the tackifying compound, multifunctional material and an admix- 
ture as described herein and penetrometer readings can be made using equipment such as a PWQ Penetrometer from 
Precision Scientific Company, Chicago. Illinois. Comparison of the penetrometer readings readily demonstrates the 
change that has occurred as a result of the reaction. In this instance, the tackifying compound also functions as the 
hardenabie resin. The material having mufti-functional reactive sites include compounds such as aldehydes such as for- 
maldehyde, diaJdehydes such as glutaraldehyde, hemiacetafs or aldehyde releasing compounds, diacid halides, dihal- 
ides such as dichlorides and dibromides, polyacid anhydridesa such as citric acid, epoxides and the like. Preferred 
compounds for use with polyamides comprise furfuraldehyde, glutaraldehyde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackifying compound in an amount of from about 0.01 to about 50 
percent by weight of the tackifying compound to effect formation of the reaction product Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying corrpound. 

The liquid or solution of tackifying compound and hardenabie resin generally are incorporated with the particulate 
in any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydro- 
carbon fluid or an emulsion, a viscosrfying agent and any of the various known breakers, buffers, surfactants, clay sta- 
bilizers or the like. 

Generally the tackifying compound and hardenabie resin may be incorporated into fluids having a pH in the range 
of from about 3 to about 12 for introduction into a subterranean formation. The compounds are useful in reducing par- 
ticulate movement within the formation at temperatures from about ambient to in excess of 300°F. ft is to be understood 
that not every hardenabie resin or tackifying compound will be useful over the entire pH or temperature range but every 
compound is useful over at least some portion of the range and individuals can readily determine the useful operating 
range tor various products utilizing well known tests and without undue experimentation. 

The liquid or solution of tackifying compound and the hardenabie resin generally are incorporated with the particu- 
late as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulate. 

Fracturing fluid slurries are introduced into the subterranean formation at a rate and pressure sufficient to create at 
least one fracture in the formation into which particulate then is introduced to prop the created fracture open to facilitate 
hydrocarbon production. Gravel packing treatments generally are performed at lower rates and pressures whereby the 
fluid can be introduced into a formation to create a controlled particule size pack surround ng a screen positioned in the 
welfoore where fracturing of the formation may or may not occur. The particulate pack surrounding the welbore then 
functions to prevent fines or formation particulate migration into the welfoore with the production of hydrocarbons from 
the subterranean formation. 

The gravel packing treatment also may be performed without a screen in the welfoore. In such a screenless com- 
pletion, the fluid generally is introduced into the wellbore to fill the perforations and welfoore to a level above the perfo- 
rations and permitted to consolidate. The consolidated pack can then be drilled or reamed out to reopen the bore while 
providing a consolidated pack to screen fines and formation particulate from migrating into the welfoore. 

The tackifying compound may be introduced into the fluid before, after or simultaneously with introduction of the 
particulate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced into 
the subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages of 
the treatment to place the intimate mixture in the formation in the vicinity of the wellbore. For exarrple. the tackifying 
compound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation 
and the hardenabie resin may be added to only the last 1 0 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
win cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
welfoore with any produced fluids. The tackifying compound and hardenabie resin may be introduced into the blender 
or into any f fowline in which they will contact the material to be at least partially coated by the compounds. The com- 
pounds may be introduced with metering pumps or the like prior to entry of the treatment fluid into the subterranean 
formation. 

In an alternate errfoodirnent, the particulate may be premixed with either the tackifying corrpound or the hardenabie 
resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation. In some 
instances, resin precoated particulates may be utilized and the tackifying compound then would be added during per- 
formance of the subterranean formation treatment Depending upon the type of resin coating employed, a catalyst then 



10 



15 



20 



25 



30 



35 



EP0853186A2 

would be added to the treatment fluid or introduced in a flush fluid or the like 
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TABLE I 



Test No. 


Particulate Size 


Coating Agent. % V/Wt 
Particulate 


Percent Of Velocity Change At: 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 


1 


20740/mesh sand 


none 


0 




2 


20740 mesh sand 


1/2 percent poiyamide 


192 




3 


20/40 mesh sand 


1 percent poiyamide 


271 


391 


4 


20/40 mesh sand 


1/2 percent phenolic 


■0.5 


6.5 


5 


20/40 mesh sand 


1 percent phenolic 


-9 


■6.8 


6 


20740 mesh sand 


1/2 percent epoxy 


-9 


•1.2 


7 
8 


20/40 mesh sand 
12/20 mesh sand 


1 percent epoxy 
1/2 percent poiyamide 


5.2 

iii 


12.2 

~ 173 ' 



6 



* EP0853186A2 



TABLE I (continued) 



Test No. 


Particulate Size 


Coating Agent. % V/Wt 
Particulate 


Percent Of Velocity Change At: 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 


9 


12/20 mesh sand 


1 percent poiyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


i 13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly illustrates the substantia) increase in the critical resuspension velocity of a particulate coated with 
the tackifying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

The test results clearly demonstrate the beneficial results achieved by practice of the method of the present inven- 
20 tion with respect to proppant production from a simulated formation. 

EXAMPLE II 

The stabilization properties of the method of the present invention are determined by comparison to untreated sand 
25 and sand including a tackifying compound. The flowback velocity is measured in an American Petroleum Institute 
approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height, about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perfo- 
30 ration. The hole is visible through a sight glass so that proppant production through the hole can be visually determined. 
The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set forth in 
Table II. below. 

While the present invention has been descrbed with regard to that which is currently considered to comprise the 
preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 
35 occur to those individuals skilled in the art upon receiving the foregoing specification. It is intended that all such embod- 
iments shall be included within the scope of the present invention as defined by the claims appended hereto. 



TABLE II 



SAMPLE 


PACKING FLUID 


ADDITIVES TO SAND, % BY WT. SAND 


FLOW RATE, rnj/min AT 
WHICH FAILURE 
OCCURS 


1 


water 


none 


84 


2 


gel 


none 


90 


3 


gel 


1% by wt pdyamide 


180 


4 


gel 


2% by wt poiyamide 


384 


5 


gel 


1% by wt poiyamide and 1% out Bakelite 9282 FP 
resin 


>3000 1 


6 


gel 


1% by wt poiyamide and 1% by wt Bakeirte 9282 FP 
resin 


>2600 2 



1 pack heated at 250°F for 72 hours before testing, no sand production during test 

2 pack heated at 180°F tor 4 hours before testing no sand production during test 
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Claims 



2. 



3. 



deposited within said faction 2^^?=^ t a P 8 *****' which is introduced into and 

coipom ^^^^^^T n f^f t * P 8 ***" 8 a <* solution of a tacWylng 

when tested at a .eve. of ok Ze^S^^J^^ ™ ^ ^ least about 50 percent 
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ticUate^eastSSKSS ta^SSS^t^ - * af ,6asl 8 P^on oflid par 

Particulates in IheaiTS iSZ , S^T and hardenaU * fesin «»ated 

pound coated particulate n3s S«?£!2 IS! .IT ** '° rmat0n """^ the tackMy^o com- 

™lC^^h^ ^o, 

& SS^"*"^ *> cfcim , . 2 . 3 or 4. wherein said tac^ng conpound arises a Hquid. or a soUrfon of a. 

a A method according to claim 6 or 7, wheran said tadcfying compound has been quaternized 

10. A method according to any of claims 1 to 8. wherein said hardenabie resin « » _ 

compound and a muftHunctiona. material compris.no attaa^T™!^ H.!f? product 01 tne 

des. dihalides. and polyacid anhydrides ^ m6n * 6r 88,60,6(1 from diaJdehydes. diatid hali- 
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(54) Treatment of subterranean formation to control particulate flowback 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate flowback is 
reduced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate, a tackrfying compound and a hardenaWe 
resin, pumping the suspension into a subterranean for* 
mation and depositing the mixture within the formation 
whereby the tackrfying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenable resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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